A new sensor for determining the colchicine concentration in aqueous solution is described which uses a bifurcated optical fiber and a micrometer-sized flow cell. The sensing membrane, which contains 2-(4-diphenylyl)-6-phenylbenzoxazole (PBBO), can form a nonfluorescent complex with colchicine and quench the membrane fluorescence. The usable determination range covers from 2X10-4 to 2X10-6 mol 1-1 colchicine. Satisfactory reproducibility, reversibility and a relatively short response time have been realized. Alkali and alkaline earth metal salts as well as various pharmaceutical species have little or no effect on the sensor response. The sensor can be used for determining the colchicine concentration in pharmaceutical tablets with results that are in satisfactory agreement with those obtained by the pharmacopoeial method.
Colchicine is classified as a highly toxic alkaloid of the tropolone type, which is a plant-originated medicinal agent obtained from various species of colchicum (e.g colchicum autumnale L.). It has been used for the treatment of acute attacks of gout, in virtue of its antinflammatory action. The biochemical action, which has received considerable interest in recent years, is thought to indirectly inhibit the deposition of urate crystals in the inflammatory area. On the other hand, colchicine has been shown to bind with tubulin, an ubiquitous protein in eukaryotic cells, inhibiting the formation of microtubules. The bioaction has generated growing interest in the use of colchicine as a model compound for the development of anti-tumour agents. 1 '2 Over the years, numerous analytical techniques have been designed for the separation and assay of colchicine. Early methodologies were based on extraction followed by gravimetry, and later by colorimetry.3-5 Two current official methods involve nonaqueous titrimetry and extraction or dilution followed by UV spectrophotometry for determining the bulk drug and dosage forms, respectively.6'7 Other approaches such as fluorometry8, volumetry9 and chromatography10 have also been used. These procedures were generally conducted by multiple extraction and purification, often followed by a derivatization step or by chemical reaction prior to the actual determination, such as reactions with hydroxylamine hydrochloride", iron(III) chloride12 or nitric acid.'3 More recently, TLC", HPLC15,16, and GLC17 methods have been used for the isolation and assay of various colchicine derivatives.
An optical-fiber chemical sensor is quite promising for applications in pharmaceutical analysis and clinical diagnosis. This type of sensor is used for a variety of pharmaceutical species, including vitamin B618, glucose19'2°, thiamine21, penicillin22, ephedrine23, propranolol23, dopamine24, cinchonine25 and mexiletine.26 A more recent report from the authors' laboratory described a sensor for berberine and ethacrynate using 1,4-bis(1,3-benzoxazo-2-yl)benzene (BBOB) as the sensing material.27 To our knowledge, however, no opticalfiber chemical sensor for colchicine has been described.
In this paper we report on a sensitive optical-fiber sensor that responds selectively and reversibly to colchicine using a bifurcated optical fiber and a micrometer-sized flow cell. The sensing is based on the fact that colchicine can strongly quench the fluorescence of 2-(4-diphenylyl)-6-phenylbenzoxazole (PBBO) in the PVC membrane. The fluorescence quenching results from 1:1 ground-state complex formation. The proposed sensor was applied to a direct assay of colchicine in pharmaceutical tablets. The results were in fair agreement with those obtained by a pharmacopoeial method.
Experimental

Reagents
All of the reagents were obtained from commercial sources and were utilized without further purification: PBBO (Baker), relatively high molecular mass poly(vinyl chloride) (PVC), tetrahydrofuran (THF), bis(2-ethylhexyl)sebacate (DOS), colchicine. Borate buffer solution (pH=8.5).
A 
Instrumentation
All of the fluorescence measurements were conducted on a Hitachi M-850 spectrofluorometer.
The optical fiber and the flow cell are shown in Fig. 1 . The incident light was carried to the cell through a 6 mm diameter optical fiber (length 1 m). The emission light was collected and coupled to a photomultiplier tube. The flow cell was fabricated from a cylindrical PTFE tubing (30 mm length, 30 mm diameter). The solution inlet and outlet channels, about 10 mm away from the bottom of cell body were drilled and connected to a 2 mm Teflon tube. The bifurcated optical fiber was sealed into slotted PTFE tubing (18 mm length, 18 mm diameter) and mounted to the flow cell. A quartz glass plate covered with a PVC membrane was positioned on the top of the flow-chamber with flanged fittings. The flowchamber volume of approximately 100 µl was defined by flanged fittings and a thin film sensor. In order to avoid ambient light from perpetrating the sensing membrane, the flow cell was covered with black cloth during measurements. Measurement on colchicine The resulting optode membrane was mounted in the designed flow cell and connected with the optical fiber. The measurements were made using a continuous-flow system at a rate of 1.2 ml min 1. After each measurement, the membrane was rinsed with a blank solution until the original fluorescence intensity of the optode membrane ()-ex-342 nm, 2em 396 nm) contacted with a blank solution was recovered. Fluorophore concentration effect PBBO, as a benzoxazole compound, has high quantum yields28, good lipophilicity and stability. From our experiments, we discovered that PBBO is able to selectively extract colchicine from a sample solution, and reversibly forms a complex. The process is accompanied by a strong change in the fluorescence signal. Based on these results, it is possible for PBBO to be used as a sensing component for the determination of colchicine.
In our experiments we also discovered that the amount of PBBO in the membrane influences the sensor response. Figure 2 shows Fo/ F (unquenched intensity/ intensity in the presence of a quencher) at equilibrium as function of the PBBO concentration in a 1 ml THE membrane solution consisting of 25 mg PVC and 50 mg DOS. From this observation, the extent of quenching for 2X10-5 mol l-1 colchicine increases with increasing PBBO concentration.
This may mean that the interaction between PBBO with colchicine increases. The decrease in sensitivity to the quencher at the highest PBBO concentration is not unexpected, since at high PBBO concentrations self-quenching may compete with the quencher. Figure 3 shows the response singal of membranes made of the different amounts of PBBO as a function of the logarithm concentration of the quencher. It can be seen from Figs. 2 and 3 that a membrane prepared using a 2 mg/ml PBBO membrane solution exhibits high sensitivity, a good response slope and a low linearity determination range.
Plasticizer selection Appropriate plasticizers were also selected so as to obtain a transparent and flexible membrane. The plasticizer was found to have strong influence on the ability of the membrane to extract colchicine from an 
where C and A represent colchicine and PBBO, respectively; Kd is the partition coefficient and /3 is the formation constant of the complex AC. The different plasticizers affect the response as they affect both viscosity and partition coefficient.
The partition coef- The quenching process and the quantitative basis of determination In the described sensor, PBBO immobilized in a plasticized PVC membrane can extract colchicine from the aqueous phase into the organic phase. Sensing is based on fluorescence quenching effect. In general, there are two fluorescence quenching processes. Dynamic quenching results from energy transfer from excited fluorescence molecule to a quencher, there exists a collision between these molecules. In contrast, static quenching is induced by the formation of a nonfluorescent complex between the ground state fluorophore and a quencher. However, in the case of a rigid matrix, such as a PVC membrane, dynamic quenching is normally precluded.29 That is, the fluorescence quenching only originates from the formation of a nonfluorescent complex. As described elsewhere25, one can write:
where [A] and [C] are the total concentrations of PBBO and colchicine in the membrane phase and in aqueous 
Effect of pH
Although there are nitrogen and oxygen atoms in the PBBO molecule, the blank fluorescence of the sensing membrane itself, was found to be independent of the acidity of the medium used in the experiment. Figure 5 shows the dependence of the a values of an optode membrane contacted with 2X105 mol 1-1 colchicine at different pH values. It is clear that the a values for colchicine at pH 3.75 -12.0 were nearly constant, making the sensor quite robust as applied in practical sample analysis. In this work, a pH 8.5 buffer solution was used for colchicine.
Reproducibility, reversibility and response time It is desirable that an optical-fiber sensor should have good reproducibility, reversibility and a short response time. The response reproducibility of the sensor response exposed to 1.00X105 mol 1-1 colchicine was tested using repeated determinations.
This gave a relative standard deviation of 4.0% (n=20).
The reversibility of the sensor was also satisfactory, as can be seen from Fig. 6 . The results in Fig. 6 were obtained by alternately exposing to two standard solutions.
It again shows that the response time to reach equilibrium between PBBO and colchicine was always less than 1 min.
Short-term stability
The stability of the sensor was tested using a I.OOX of time. In addition, a freshly prepared sensor was subject to photobleaching during the first exposure to light, which was accompanied by a decrease in the fluorescence intensity. After this period of time, however, the signal stabilized and no degradation of the sensor readings in the blank solution or in solutions containing colchicine were observed within three days.
Interferences
The effect of alkali and alkali-earth metal salts, as well as various pharmaceutical species, on the response of colchicine was investigated. Data were obtained for each foreign interferent with a fixed concentration of colchicine (1.00X10-5 mol 1-1). No significant interferences were observed if a less than ±5% relative error was tolerated. These results are summarized in Table 1 . The sensor exhibited a fairly high selectivity for colchicine, making its applicability to the analysis of various samples quite feasible. 
Preliminary Application
The practical applications of the present sensor were tested on a direct determination of colchicine in pharmaceutical tablets. The sample solutions were diluted with a buffer solution of pH 8.5 and analyzed using the sensor. The measured results are in correspondence with the results obtained by a pharmacopoeial method' ( Table 2) . 
